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Abstract 
In this paper, highly selective, sensitive and stable hydrogen sensors based on Pd-doped tungsten trioxide were successfully 
prepared by promoting way. Two different morphologies of WO3 were obtained by chemical route synthesis (WO3 nano-particles 
and WO3 micro-lamellae), their morphologies were observed by SEM and TEM microscopy and their crystalline structures were 
determined by X-ray diffraction (XRD). To prepare Pd-doped WO3 films, palladium chloride salt/WO3 was highly dispersed in 
organic solution using sonication, the resultant Pd-WO3 dispersion was drop coated on the alumina substrate fitted with gold 
electrodes and annealed at 500°C. The gas sensing properties of Pd-doped WO3 films to reducing gases (NH3, CO, H2) were 
studied at different operating temperatures. The sensors have shown high sensitivity and selectivity to hydrogen at working 
temperature of 200°C. The sensors with low Pd loading (0.4 wt %) has shown the best stability and reproducibility. In these last 
conditions, the sensors have shown no obvious response to amPRQLDSSPDQGLQVLJQLILFDQWUHVSRQVHWRFDUERQPRQR[LGH
200 ppm). 
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1. Introduction  
In the last decade, hydrogen sensors based on metal oxides doped with metal catalysts are under intensive 
research and development because of their potential performances [1,2,3]. However, their preparation method needs 
a specific choice of sensitive materials and catalysts. Uniform dispersion of catalysts at the surface of metal-oxide 
grains and its impact on selectivity, sensitivity and stability of modern chemical sensors remain one of the biggest 
challenges for building reliable chemical sensors. In this work, a promoting way to prepare selective and sensitive 
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hydrogen sensor based on Pd-doped WO3 is presented, and the gas sensing properties to ammonia, carbon 
monoxide, and hydrogen depending on the operating conditions have been tested and discussed. It was observed that 
the resistance evolution of the Pd-doped WO3 films during repeatability tests in contact with hydrogen (CH2 = 100 
and 200 ppm) depends on the Pd loading and the selectivity of the activated Pd-WO3 films depends on the working 
temperatures of the sensor.  
2. Experimental 
2.1. WO3 synthesis  
WO3 nanoparticles were obtained by direct precipitation. A solution of 0.5 M Na2WO4 was prepared and kept at 
80 °C in a reflux. Hydrochloric acid (3M) was added dropwise to the Na2WO4 solution until precipitation. The 
resulting product was washed several times, dried and annealed in air at 700°C for 1hour. For WO3 micro-lamellae, 
Na2WO4 0.5 M was let to flow through glass column packed with protonated cation-exchange resin. The yellow 
precipitate was kept at room temperature in the acidic solution (pH=1.5-2) for 30 days and then dried and annealed 
in air at 700°C for 1 hour. The morphology of the WO3 samples was observed by scanning electron microscopy 
(SEM, Philips XL20, Netherlands) and the phase constitution of both powders and the WO3 coating were 
characterized by X-ray diffraction analyzer (XRD, Siemens D5000, Germany) using a CuKĮ raGLDWLRQ $ ș
scanning rate of 1° miní was used during test. 
2.2. Preparation of Pd-WO3 films and gas sensing measurements 
To prepare Pd-doped WO3 coatings, palladium chloride salt was dissolved and highly dispersed in organic 
solvent (terpineol) with WO3 nanopowder/or microlamellae using sonication, the resultant dispersion with different 
Pd loading (Table 2) was drop coated on alumina substrate fitted with gold electrodes and platinum heating element 
(fabricated by C-MAC Micro Technology Company (Belgium)), and the ultrasonic used for dispersion of 
WO3/Palladium salt is shown on the Fig.2. (b) (UP50H, Hielscher Ultrasonic GmbH, Germany). The WO3 and Pd-
WO3 sensors were annealed at 500°C for 1 hour. For gas sensing tests, the Pd-doped WO3 coatings are heated at 
200°C for 24 hours in ambient air before their exposition to the gases into a Teflon chamber (the setup is reported in 
reference [4]).  
3. Results and discussion 
3.1. Morphological and crystal structures characterization of WO3  
The synthesized WO3 (nanoparticles and microlamellae) were characterized by SEM and TEM, the grain size of 
nanoparticles were in the range of 200 nm after annealing at 700°C (Fig. 1. (A) and (B)). For WO3 microlamellae, 
the dimensions were in the range of 1µm as shown in Fig. 1. (C). The crystalline structure of WO3 based films was 
investigated by XRD (Fig. 2. (C)). The results suggest that the films present a monoclinic phase at room 
temperature. 
3.2. Gas sensing properties of Pd-doped WO3 films  
The response of the Pd-doped WO3 sensors towards reducing gases (H2, CO, NH3) was carried out in the range of 
ppm using different working temperatures (100-280°C). The gas sensing measurements showed high sensitivity to 
H2 at 200°C (Fig. 3. (B); CH2 = 200 ppm; S=10). At this temperature, no response to ammonia was REVHUYHG1 
ppm) and a slight increase in the sensor response was observed in the case of carbon monoxide (CCO = 100 ppm, S = 
1.6). The sensors were exposed to H2 (100 and 200 ppm) for repeated tests (Fig. 3. (A)), the sensors showed a stable 
evolution and reproducibility with low Pd loading (0.4 wt %). However, the resistance of the sensors with high Pd 
loading (3.5 wt%) increased considerably as function of the repeated tests. This behavior is probably due to the 
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catalyst agglomeration. It was also observed that the films composed of WO3 nano-particles have the best response 
comparing to the films composed of WO3 micro-lamellae, suggesting a morphology dependence on the sensing 
properties. Further investigations will allow to establish a more tight dependence on morphology, metal doping and 
sensing properties. The response for the Pd-doped WO3 films for the optimization conditions is summarized in the 
table 1. 
 
                    
Fig. 1. (A) TEM image of WO3  nano-particles synthesized by direct precipitation in acidic solution at 80°C after annealing at 700°C for 1hour; 
(B) SEM image of WO3 coating prepared with WO3 nano-particles annealed at 700°C, the image was recorded on the sensor; (C) SEM image of 
the WO3 coating prepared with WO3 micro-lamellae synthesized by exchange ionic and annealed at 700°C, the image was recorded on the sensor.  
 
          
Fig. 2. (A) Scheme of the sensor, (B) Scheme of the sonicator used for dispersion; (C) XRD patterns of the sensors summarized in the table 2. 
 
         
Fig. 3. (A) Resistance variation of Pd-doped WO3 sensors in contact with H2 for repetition tests at 200°C (100 ppm and 200 ppm; RH= 50%); (B) 
Response of WO3/ and Pd-doped WO3 sensors to H2 at 200°C (CH2= 100 and 200 ppm; RH= 50%). 
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Table 1. Sensor response (Pd-WO3) for the optimization conditions. 
Gas                 H2                                         H2                       NH3 CO 
Concentration 100 ppm 200 ppm  1 ppm 100 ppm 
Sensitivity (Rg/Ra)  5 10 1 1.6 
Working temperature (°C) 200 200 200 200 
Pd/WO3 (wt %) 0.4 0.4 0.4 0.4 
 
Table 2. Characteristics of the sensors presented in the Fig. 2. and 3. 
Sensor WO3 powder Pd/WO3 (wt %) 
Sensor A Nano-particles 0 
Sensor B Micro-lamellae 0 
Sensor C 
Sensor D 
Sensor E 
Sensor F 
Nano-particles 
Nano-particles 
Nano-particles 
Micro-lamellae  
0.2 
0.4 
3.5 
3.5 
4. Conclusions 
Pd-doped WO3 hydrogen sensors with high performances (selectivity, sensitivity and stability) were successfully 
prepared. The gas sensing properties towards reducing gases (H2, CO, NH3) were studied and discussed in function 
of the morphology and the operating conditions. The sensor with WO3 nanoparticles had shown the best response to 
hydrogen in the ppm range, it was also demonstrated that the sensors with low Pd loading had the best stability and 
reproducibility. We believe that the catalyst is better dispersed at the WO3 grain surface IRUORZ3GORDGLQJ
wt%). For the sensors with high Pd loading (3.5 wt%) at working temperature of 200°C (the optimum working 
temperature of the sensor with high sensitivity and selectivity to H2), the results suggest that the variation in the 
sensor resistance can be associated with Pd catalyst diffusion followed by agglomeration during the sensing tests, 
which probably causes an evolution of the sensor resistance. To understand the phenomena, more investigations are 
now in progress. 
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